Introduction
Irritable bowel syndrome (IBS) is a common chronic gastrointestinal disorder affecting 10-15% of the western population, with a female predominance (1) (2) (3) . IBS is characterized by abdominal discomfort or pain associated with altered bowel habits, and often bloating and abdominal distension (1) (2) (3) . The degree of symptoms varies between patients, from tolerable to severe, with a considerable reduction to quality of life and productivity (1) (2) (3) (4) (5) (6) . Besides the increased morbidity caused by IBS, this disorder also represents an economic burden to society in different forms, including increased sick leave and overconsumption of healthcare resources (6) (7) (8) . However, IBS is not known to be associated with the development of serious diseases or excess mortality (9, 10) . IBS patients are sub-grouped on the basis of differences in the predominant bowel pattern: diarrhoea-predominant (IBS-D), constipationpredominant (IBS-C), or a mixture of both diarrhoea and constipation (IBS-M) (1) . It has been reported that approximately one third of patients have IBS-D, one third have IBS-C, and the remainder have IBS-M (1).
Several abnormalities in the endocrine cells of the gastrointestinal tract have been reported in IBS patients (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . These abnormalities have been suggested to be important in the pathogenesis of IBS (1, 25) . The endocrine cells observed in the proximal (duodenum) and distal (terminal ileum) small intestine are quite different (25) . Both the duodenum and terminal ileum comprise serotonin and somatostatin cells (25) , whereas the duodenum contains cholecystokinin (CCK), secretin and gastric inhibitory polypeptide (GIP) cells, while the terminal ileum contains peptide YY (PYY), pancreatic polypeptide (PP) and enteroglucagon cells (25) . The difference in endocrine cell composition reflects the different functions of the proximal and distal small intestine. The endocrine cells in the terminal ileum of patients with IBS have yet to be investigated. This may be due to the technical difficulties involved in obtaining biopsies from the ileum of these patients, caused by a long looping colon combined with visceral hypersensitivity in IBS patients.
Chromogranin A (CgA) is a 68 kDa protein comprising 439 amino-acid residues. CgA is co-stored and co-released with monoamines and peptide hormones of the adrenal medulla, pituitary gland, parathyroid, thyroid C-cells, pancreatic islets, endocrine cells of the gastrointestinal tract and sympathetic (9, 10) . CgA is considered to be a general marker for gut endocrine cells and endocrine tumours (9, 10, 26) . CgA cell density has been reported to be lowered in the duodenum and colon, but not in the rectum (27, 28) . This study was undertaken in order to investigate a possible abnormality in the density of the endocrine cells, as detected by CgA, in the ileum of IBS patients.
Materials and methods
Patients and controls. In total, 98 patients with IBS according to the Rome III Criteria were included in this study (http://www. romecriteria.org) (29) . These patients included 77 females and 21 males with an average age of 35 years (range, 18-66 years). In total, 35 patients had IBS-D, 31 had IBS-M and 32 had IBS-C. All 98 patients had symptoms for many years and could not associate the onset of IBS symptoms with any event, particularly gastrointestinal or other infections. The patients underwent complete physical examinations and were investigated with blood tests: full blood count, electrolytes, calcium, inflammatory markers, liver tests and thyroid function tests. They underwent further gastroscopy with duodenal biopsies, in order to exclude celiac disease. In total, 27 subjects who underwent colonoscopy with terminal ileum biopsies were used as controls. Of these, 20 subjects underwent a colonoscopy due to gastrointestinal bleeding, where the source of bleeding was identified to be haemorrhoids (18) or angiodysplasia (2) . Seven of the subjects were examined due to health worries caused by a relative having been diagnosed with colon carcinoma. The control group consisted of 16 females and 11 males with an average age of 52 years (range, 20-69 years).
The study was performed in accordance with the Declaration of Helsinki and was approved by the local Committee for Medical Research Ethics. All the subjects gave oral and written consent.
Colonoscopy. Colonoscopies were performed on both patients and controls and biopsies were taken from the ileum and the right (cecum, ascending and right part of transverse colon) and left colon (left part of transverse, descending and sigmoid colon). Biopsies were fixed in 4% buffered paraformaldehyde overnight, embedded in paraffin and cut into 5-µm sections.
Histopathology and immunohistochemistry. The sections were stained with haematoxylin and eosin and immunostained with the avidin-biotin complex (ABC) method using the Vectastain ABC kit and the 3,3'-diaminobenzidine (DAB) peroxidase substrate kit (Vector Laboratories, Burlingame, CA, USA). The primary antibody used was monoclonal mouse anti-N-terminal purified CgA (Dako, Carpinteria, CA, USA; code no. M869).
Computerized image analysis. Analysis was conducted using Olympus software cell^D. When using x40 objectives, the frame (field) on the monitor represents an area of 0.14 mm 
Results

Colonoscopy, histopathology and immunohistochemistry.
The colons of the patients and control subjects were macroscopically normal. The ileum was also macroscopically normal, with the exception of one control subject and three of the patients, where lymphoid hyperplasia was observed. Lymphoid hyperplasia is a common finding in young individuals without any pathological relevance.
Histopathological examination of the colon biopsies revealed normal histology, excluding microscopic colitis. Histopathological examination of the ileum revealed normal histology and confirmed the finding of lymphoid hyperplasia in the individuals mentioned above. CgA cells were mainly located in the crypts (Fig. 1) ; these cells were basket-or flask-shaped.
Computerized image analysis. The CgA density in the controls was 63.2±4.4 (mean ± SEM), in all IBS patients it was 28.6±2.1, in IBS-D patients it was 28.8±3.4, in IBS-M patients it was 26.5±3.9 and in IBS-C patients it was 30.3±3.7 (Fig. 2) . There was a statistically significant difference between controls and all IBS patients (IBS-D, IBS-M and IBS-C; P<0.0001 for all).
Discussion
The age and gender of the patients and healthy controls used in this investigation did not match completely. The control subjects included in the present study were slightly older and the proportion of males to females was higher. It is not easy to find healthy volunteers matching the age and gender of the patients that are willing to be subjected to bowel preparation prior to colonoscopy and colonoscopy. One must be patient and wait for healthy subjects that undergo this examination for other reasons. However, in previous studies, age and gender have been found to have no effect on the density of intestinal endocrine cells in adults (30, 31) . The medical history of the IBS patients studied demonstrates that there is no association between the onset of IBS symptoms and gastrointestinal infection and, consequently, the patients included in this study suffer from sporadic IBS.
This study demonstrates that CgA cell density in the ileum of IBS patients is reduced, regardless of the subtype. It has been reported previously that CgA cell density is also reduced in the duodenum and colon of IBS patients (27) . Thus, it appears there is endocrine cell depletion in the small and large intestine of IBS patients. This is notable, as IBS has been considered to be a functional condition without detectable abnormalities. The present finding lends support to the suggestion that CgA cell density may be used as a biological marker for the diagnosis of IBS (1, 17, 27) . This would be advantageous, as currently there are no biochemical, histopathological or radiological diagnostic tests for IBS. At present, the diagnosis of IBS is based on symptom assessment.
The ileum contains the same types of endocrine cells as the large intestine, serotonin, PYY, PP, somatostatin and enteroglucagon cells. This is unsurprising as the ileum, similar to the large intestine, contributes to the absorption of water and electrolytes from the lumen and regulates the passage of faeces. As mentioned previously, CgA cell density represents the total endocrine cell content of the ileum and more studies are required in order to determine which endocrine cell type is affected.
In conclusion, the present study demonstrates that the total number of endocrine cells is reduced in the ileum of IBS patients. Furthermore, it confirms that the endocrine cells are depleted in the small and large intestine of IBS patients. 
